The trace fossils, Chondrites, Teichichnus, and Zoophycos, from deep ocean cores from Deep Sea Drilling Project Leg 41 were studied with scanning electron microscopy to determine the effects of burrowing organisms on chemical element distribution and microfossil preservation and orientation. SEM energy-dispersive Xray analyzer analysis of sediment inside and outside the burrows showed no concentration of the elements silica, calcium, barium, iron, magnesium, manganese, cobalt, copper, sulfur, and potassium by the burrowing activity. SEM observations revealed no systematic effects on microfossil preservation or orientation within the burrowed sediment.
INTRODUCTION
Trace fossils have been studied and described as early as the mid 1800's by Massalongo (1855) , Hall (1863) and others. Since these early works, trace fossils have been further described by Seilacher (1964) , Plicka (1968 Plicka ( , 1970 , Simpson (1957 Simpson ( , 1970 , Hantzschel (1962) , Bischoff (1968) , and Lessertisseur (1955) , for example, and used as environmental indicators by Seilacher (1967) , Sellwood (1970) , Selley (1970) , Kennedy (1970) , Ronjewicz (1970) , Frey and Howard (1970) , and Warme (1970) . However, there have been exceptionally few studies done with respect to chemistry and microfauna of trace fossil, Tauber (1948) and Ronjewicz (1970) , respectively.
PURPOSE
It is the purpose of this investigation to observe the trace fossils of Chondrites, Teichichnus, and Zoophycos in deep ocean cores with respect to the preservational and orientation effects on the microfauna and the concentrations of some chemical elements present. Samples ranged from Miocene to Cretaceous in age and were from Leg 41 of the Deep Sea Drilling Project off the northwest coast of Africa.
The preservation of microfauna, particularly the nannofossils, was compared between the burrow and the surrounding sediment.
The elements Si, Ca, K, Mn, Mg, Fe, Cu, Co, Ba, and S were scanned to check the chemistry of the interior of the burrow compared to surrounding sediment and to observe how the chemistry changes with respect to age.
CRITERIA FOR SAMPLING
The trace fossils Chondrites, Teichichnus, and Zoophycos were chosen for several reasons. They are very characteristic in their appearance and easily identifiable. They are abundant in deep ocean sediment cores (direct observation) and seem to be independent of lithology. They have a wide stratigraphic range: Chondrites -Cambrian to Miocene(?), Teichichnus-Cambrian to Oligocene(?), and Zoophycos-Cambrian to Recent. Samples were chosen only in the absence of visible bioturbation adjacent to specimens.
METHOD
Each sample was subdivided into a small portion of the burrow and a portion of the surrounding external sediment. All chemical measurements were made first using 200 sec counts per sample. Then, five samples of Chondrites and four of Teichichnus and Zoophycos were examined on the SEM for the types of microfossils present and their preservational characteristics.
MICROFOSSILS
Chondrites sample one (reference number 9) was taken from Sample 367-25-4, 101-103 cm. The age of the sediment is Lower Cretaceous. The burrow sample contained moderately well preserved to poorly preserved nannos (no visible detail) along with a few well preserved spicules. There were no foraminifera or radiolarians present. The surrounding sediment sample contained nannofossils in the same state of preservation as in the burrow sample. Again there were no foraminifera or radiolarians.
Chondrites sample two (reference number 1) was taken from Sample 366-51-4, 55-56 cm. The age of the core is Paleocene. The burrow sample revealed poorly recrystallized nannofossils with no other microfossils observed. The surrounding sample contained poorly recrystallized nannos with few diatom fragments.
Chondrites sample three (reference number 35) was taken from Sample 368-52-5, 110-112 cm. The age of the sediment is Paleocene-Upper Cretaceous. The burrow sample was devoid of microfossils as was the surrounding sediment sample.
Chondrites sample four (reference number 33) was taken from Sample 368-46-5, 76-78 cm. The age of the sediment is lower Eocene to Upper Cretaceous. This sample was devoid of microfossils.
Chondrites sample five (reference number 3) was taken from Sample 367-8-2, 143-145 cm. The age is upper Eocene. The burrow sample contained many radiolarian and diatoms, both whole and fragmented. Nannofossils were present but poorly preserved and scarce. The surrounding sediment sample was identical to the burrow sample.
Zoophycos sample one (reference number 34) was taken from Sample 368-47-2, 63-66 cm. The age of the sediment is lower Eocene to Upper Cretaceous. No microfossils were visible in this sample.
Zoophycos sample two (reference number 25) was taken from Sample 368-31-3, 60-62 cm. The age of the sediment is lower Eocene. The burrow sample had nannofossils, nearly indistinguishable, and was devoid of all other microfossils. The surrounding sediment sample contained more nannos than did the burrow sample, but preservation was the same. This sample was also devoid of other microfossils.
Zoophycos sample three (reference number 4) was taken from Sample 367-8-3, 27-29 cm. The age of the sediment is upper Eocene. The burrow sample consisted of many radiolarian and diatom fragments and whole specimens. Nannofossils were absent. The surrounding sediment sample was likewise filled with many radiolarian and diatom fragments and whole specimens, but had a few badly preserved nannofossils.
Zoophycos sample four (reference number 3) was taken from Sample 367-8-2, 143-145 cm. The age of the sediment is upper Eocene. The burrow sample contained many radiolarian and diatom fragments but was devoid of nannofossils. The surrounding sediment sample had many radiolarian and diatom fragments and some whole specimens along with a few poorly preserved fossils.
Teichichnus sample one (reference number 37) was taken from Sample 368-59-3, 11-13 cm. The age of the sediment is Upper Cretaceous. This sample was devoid of microfossils.
Teichichnus samples two and three (reference number 27, top and bottom, respectively) were taken from Sample 368-34-3, 62-64 cm. The age of the sediment is lower Eocene to Upper Cretaceous. Microfossils were absent in these samples.
Teichichnus sample four (reference number 39) was taken from Sample 369A-17-4, 127-129 cm. The age of the sediment is upper Oligocene. The burrow sample contained many well preserved nannofossils and many whole and fragmented diatoms. The surrounding sediment sample was the same as the burrow sample, with a few radiolarian fragments present.
There is no apparent effect with respect to orientation or distribution of the microfossils. Also, there is no apparent trend in preservational characteristics of the nannofossils or any other microfossils. By assumption, the living specimens of Chondrites, Teichichnus, and Zoophycos made no marked lasting effect on the porosity of the sediment or the orientation and distribution of microfossils.
CHEMISTRY
The elements silicon, calcium, iron, magnesium, manganese, potassium, barium, sulfur, copper, and cobalt were analyzed by an SEM energy-dispersive Xray analyzer. The normalized data (Table 1) were run through a Q-mode factor analysis to determine the communality or percentage of the data in each sample. In the total percentage, silica and calcium accounted for 57.7% and 42.0%, respectively, or 99.7% of the total data. The remaining 0.3% was distributed into 42.3% iron, 25.4% potassium, 24.7% magnesium, 5.1% barium, 1.0% manganese, and 1.1% copper with sulfur and cobalt making up approximately 0.4%.
There is a concentration of some elements in some individual samples, but this does not hold true for every burrow of the same type. This is probably indicative of sediment variations in the stratigraphic column rather than a result from the activity of the burrowing organisms.
CONCLUSIONS

None of the three ichnofossils Chondrites,
Teichichnus, or Zoophycos disturbed the random orientation or distribution of the microfossils. This, however, could be the result of mass disturbance by the meiobenthos (Cullen, 1973) e.g., ostracodes, nematodes, or other macrobenthic organisms, which left no visible trace in the particular sediments.
The chemical data in the Q-mode analysis show nothing more than a typical sediment composition. The chemical data are probably more indicative of sediment variations rather than the activity of burrowing organisms. It would improve future studies to use factors other than single elements and to run an Rmode analysis to see how the samples relate to each other individually. Also, samples should be limited in age and of a homogeneous sediment type. 
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